Abstract. Tko field studies were conducted across and along the continental shelf, one from February to May 1996 (deployment 1) and the other from July to October 1996 (deployment 2) in part to determine the mass and salt budgets of shelf water from south of Cape Henry to north of Cape Hatteras, the southernmost portion of the Mid-Atlantic Bight. The temporal means of current meter records indicated that most of the water enters the region across its northern boundary near the shelf break as part of a southward, alongshore current and exits the southeast comer as a southeastward flowing current. Estimates of the volume transports indicated that not all the transport across the northern boundary was accounted for by transport across the southern boundary and that the remainder occurred as a broad, diffusive flow across the eastern boundary at the shelf . break. Time series of volume transport across northern and southern boundaries were very similar and associated with variations in the alongshore wind stress and sea level, indicative of a geostrophic balance. Examination of the individual current meter records indicated these fluctuations were very barotropic even during deployment 2, which included the stratified summer season. Time series of the volume transport across the eastern boundary at the shelf break strongly mirrored the volume transport across the northern boundary minus that across the southern boundary, suggesting that the inferred eastern boundary transport was real and accommodated whatever the southern boundary could not. The turbulent salt flux across each boundary contributes very little to the net salt flux. The mean and time-dependent salt fluxes show nearly identical patterns as the respective mass fluxes because the salt fluxes are almost governed by current velocity fields. The instantaneous and mean salt fluxes across each boundary were very well approximated by the instantaneous and mean volume transports across the boundary times the deployment average salinity across that boundary, respectively. The Ocean Margins Program (OMP) moored current and salinity observations appear sufficient to make estimates of the mean and time-dependent mass and salt balance.
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Introduction
some results about the time-averaged and daily time series of mass and salt fluxes, their balance, and the variability of mass and salt fluxes in a region on the continental shelf. The moored current and salinity data examined here were obtained from the Ocean Margins Program (OMP), a U.S. Department of Energy study conducted on the southernmost shelf of the Mid-Atlantic Bight (MAB).
An array of heavily instrumented and closely spaced moorings was set in the OMP region, which is north of Cape Hatteras and south of Cape Henry. For this study, data from moorings on the northern, eastern, and southern sides of the OMP region ( Figure 1 ) were considered. The OMP experiments were conducted across and along the continental shelf There the shelf water is composed of coastal water from Chesapeake and Delaware Bays, water from the northern MAB shelf, and saline slope water from the offshore region owing to the proximity of the Gulf Stream.
In past years, considerable progress has been made in the study of mean circulation and its variability on the MidAtlantic Bight (Cape Hatteras to Cape Sable) through direct current meter measurements. Experiments were carried out in different regions: between Cape May and Cape Hatteras [Boicourt,' 19731 Churchill and Berger, 19981 . These studies indicate a mean equatorward flow on the order of 5-20 cm/s and an alongshore volume transport from the shore to the shelf edge on the MAB shelf. Beardsley and Boicourt [1981] and Beardsley et al. [1976] described the discrete data sets over a large portion of the bight. They suggested that despite the wind being stronger in winter, there was no significant seasonal variation of mean flow. The mean flow of the continental shelf in the southern MAB was to the south, approximately parallel to the local trend of isobaths. Boicourt [1973] and Scott and Csanady [1976] found a return onshore flow to compensate for the nearsurface offshore flow in the middle or lower 1ayer.Ailanan et al. [1988] showed that the cross-shelf structure of the flow variability might be simply described as a transition from the winddominated outer shelf to the ocean-dominated slope region and observed that shelf water was exported to the slope in the surface and bottom boundary layers. The low-frequency motions associated with winds and movement of the shelf-slope front could affect the cross-shelf flow in the midwater column and the energy and mass exchange in the boundary layers [Shaw et al., 19941. Beardsky and Butman [1974] indicated that the transient alongshore flow over the shelf was generally coherent with the local alongshore wind, and the large winddriven current and sea level fluctuations to synoptic-scale atmospheric forcing were associated with free or forced continental shelf waves [ Beardsley and Boicourt, 19811. Wang [1979] found evidence for nonlocal forcing from examination of 1 year sea level and meteorological data over the entire bight. He also investigated the relation between local wind stress and sea level in the MAB and found that the alongshore wind stress and sea level were highly coherent and that sea level lagged the local alongshore wind stress by 8-12 hours, indicating that the alongshore current and sea level fluctuations were in phase to within a few hours. Noble and Bufmun [1979] found the alongshore current consisted predominantly of wind-forced motions and freely propagating events, which together accounted for 75 -90% of the alongshore current energy. Chupmn et al. I19861 argued that the observed equatorward mean alongshelf flow in the MAB is a downstream extension of the mean alongshelf flow over the Scotian Shelf.
The shelf water moving equatorward bifurcates at the southern boundary of the OMP region, with the majority of the flow detaching from the shelf and becoming entrained in the north wall of the Gulf Stream [Ford et al., 1952; Fhher, 1972 For example, topographic Rossby waves [Ailanan et al., 19881 propagate away from the Gulf Stream and toward the MAB, apparently generating lower-frequency current variability over the continental shelf. Exchanges of shelf and slope water due to warm-core rings may also occur in the MAB shelf.
The continental shelf current within the study region is well known to exhibit prominent southward flow, but very little is known about the mass and salt budgets and mass and salt flux variability. The principal objectives of this study are (1) to estimate the mean volume transport and salt flux into and out of the OMP region on the basis of moored current and salinity data, (2) to examine the temporal variability of the volume transport and (turbulent) salt flux, (3) to consider the relative magnitude of the mean and turbulent salt fluxes, and (4) finally, to investigate the balance of the mean and the daily volume transports and salt fluxes.
Data and Methods
The data were obtained from current meters at mooring sites on the perimeter of the OMP region during two periods from middle February to early May (deployment 1) and from early July to early October (deployment 2) in 1996 ( Figure 1 ). Moored instruments for this study were deployed over the shelf along two cross-isobath lines (the northern and the southern boundaries) and one along the 76 m along-isobath line (nominally at the shelf break) (the eastern boundary). The water depths at these moorings varied from 13 to 76 m. The northern boundary of the region extends zonally from the coast at 36"40'N, and the southern boundary extends approximately zonally from the coast at 3527". The shelf moorings were outfitted with two to four of the following current meters (including temperature and conductivity sensors): SeaPac Model 2000 current meters (ACES; Woods Hole Group, Catumet, Massachusetts), burst sampling current meters (BSCMs) [Weather& and Keffy, 19821, Aanderaa recording current meters (RCMs), and S4 current meters (Interocean System Inc., San Diego, California). Data at sites 5 and 12 of deployment 1 and at sites 5, 17, and 20 of deployment 2 were obtained by bottom-mounted acoustic Doppler current profilers (ADCPs; RDI Instrument, San Diego, California) with 1.5 -2 m vertical resolution. Since currents on the shelf are highly coherent in the vertical ( Figure 5 ; also see Kim [1999, Appendix A] for a quantitative description), at each ADCP, only four values at selected depths were used. The directions of current velocity data from all current meters were corrected by 11" for magnetic north variation so that 0" magnetic north corresponds to 349" true north. The data return (which was generally very good) and how data voids were filled in are discussed by Kim [1999] . Each moored current meter had a conductivity sensor, and adjacent to each bottom-mounted ADCP was a mooring of SeaCats conductivity-temperature recorders (Sea-Bird Electronics Inc., Bellevue, Washington). The conductivity sensor on the S4 current meter and the BSCM and ACE current meters were, respectiveIy, those provided by the manufacturer (Interocean System inc., San Diego, Califomia) and SeaBird (Sea-Bird Electronics Inc., Bellevue, Washington) SeaCat conductivity sensor.
The moored salinity data were calibrated using salinity from four conductivity-temperature-depth (CTD) surveys which were carried out during the two mooring deployments (February 4-11,1996, and June 24-29,1996) al., 19941, the two winds should be statistically identical. Therefore only the wind data at Diamond Shoals (DSLN7) were used. The crossshelf (7,) and alongshore (T,,) wind stress were computed from
where U and V are east (offshelf) and north (upshelf) components of wind and Iw = (U' + , P ) ' / ' . C , was computed according to Wu [1969] ; that is, The mean wind stresses for both deployments (Tables la and lb) are quite representative of this region. The mean wind stress is nearly consistent with previous studies of the wind stress field in the vicinity of Chesapeake Bay of the MAB, as summarized by Beardsky and Boicourt [1981] and Chuang et af. 119791, and with the seasonal mean wind stress calculated at the northern part of MAB (-100 km west of Nantucket Shoals) by Beardsfey et af. [1985] and Aikman et af. [19881. The isobath lines of the study region are parallel to the general north-south trend of the coast, so that the current and wind stress values are presented with the x and y axes oriented toward the east (90T) and the north (OT), respectively. Transport values in and out of the OMP region are computed by estimating the normal flux across the straight lines connecting adjacent station pairs on the OMP perimeter rather than north-south and east-west transports across the perimeter. Weatherfy et af.
[2000] used a similar method to estimate the transport of a deep western boundary current. Sea levels from N O M were obtained from three coastal stations at or adjacent to the study region: Chesapeake Bay, Oregon Inlet, and Cape Hatteras. The sea level data showed visual similarity among the three locations (not shown), so that sea level data at only one location, Cape Hatteras, were used in this study. The locations of the current, salinity, wind, and sea level measurements used in the analysis are shown in Figure 1 .
The time series considered are the daily averaged Gaussian fdtered data after smoothing by four passes with a Hanning filter (weights 1/4, 1/2, 1/4), which is equivalent to smoothing .- 101AO7  lOlAlO  102A08  102A11  102A18  103All  103A20  104A06  104AO9  104A15  104R20  105P10  105P18  105124  112P10  112P20  112P30  112P35  113S07  113B17  113B40  113B71  116A07  116B23  116B37  120A09  120P36  120P56  120P71  122409  122B24  122B38  122B73  123A07  123A16  124A08  124B27  125A07  125A17  125R23  125833 Wind stress 36'40' 36" 36"40' 36"40' 36"40' 36'40' 36"40' 36' 40' 36'40' 36'40' 36'40' 36' 42' 36"42' 36'42' 36'32' 3632' 36"32' 36"32' 3631' 36"31' 3631' 3631' 36'16' 36"16' 36"16' 3532' 35'32' 35'52' 35"52' 35'38' 35"38' 3538' 35'38' 3527' 3527' 35'27' 3527' 35'27' 3527' 35'27' 35"27 February 14, 1996 , to May 3, 1996 B, BSCM, A, ACE R, R m , S, M), and the last two digit numeral indicates the depth of measurement in meters for each time series.
with an 8 day low-pass filter. In the analysis, each time series was subsampled into daily data. The time series used in the analysis are labeled with the following conventions. The first numeral represents the deployment, *e next two digit numeral stands for the site, the letter indicates the instrument type (P, ADCP; B, BSCM, A, ACE; R, RCM, S, S4), and the last two digit number indicates the depth of measurement in meters for each time series. Summaries of the time series of current velocity and salinity are given in Tables la, lb, were obtained from the daily averaged Gaussian-filtered data. We note that the velocity and salinity uncertainties estimated from the daily average Gaussian-filtered data are essentially the same as those estimated using the variances and the integral timescales of the 8 day low-pass data.
The discontinuities in the velocity contours and in the volume and salt flux estimates for each vertical section result from the boundaries not being straight lines and considering the normal flow component across each station pair. Vertically interpolated and extrapolated values were essentially insensitive to the particular method used; we chose linear interpolation. 201A10  202A08  202A15  203All  203A20  204A06  204A09  204A15  204R20  205P10  205P18  205124  216A09  216B23  216B37  216B72  217A07  217P16  217P36  217P56  217P69  218A08  218A26  218R35  220AW  220P16  220P36  220P56  220P71  222A09  222B24  222B73  223A07  223A16  224A08  224B27  225A07  225A17  225B23 meters were on a mooring, the midlevel currents are obtained from the average of two middle-depth currents.
Volume Transport and Its
There are several characteristics common to both deployments. First, the mean currents are stronger near the shelf break. Second, the mean currents are generally directed alongshore toward the south except (1) in the southeast portion (moorings 22 and 25), where off-shelf, southeastward flow tends to occur, and (2) around moorings 2,23,24, and 5, where the flow is relatiVdy weak and is sometimes northward. Third, there is a tendency toward stronger flows near the surface and weaker flows near the bottom with either a small onshore or offshore component generally consistent with bottom Ekman veering. The strongest mean current amplitude occurs at 7 m depth at mooring 13 and is 23.6 cm/s during the period of deploymezlt 1 (Table la) : Data from moorings 22 and 25 of deployment 1 and deployment 2 exhibit strong mean offshore cordponefits >9 and 5 cm/s, respectively. This offshore flow is due to transport of shelf water in a strong offshore Current at the edge of the front separating MAB shelf water from the more saline shelf water of the South Atlantic Bight ( S A B ) as found by Churchill and Berger [1998] . They also suggested that export bf shelf water in the southern zone of the MAB OcCuTed over the middle and outer shelf and as indicated by 5-10 cm/s mean offshore velocities measured by current meters.
3.12. Vertical section of mean currents normal to the perimeter. The general flow pattern in the vertical sections for both deployments can be easily seen (Plate 1). The discontinuities appearing at certain stations in Plate 1 are due to the boundaries not being straight lines and the normal flow across the boundary being plotted. The main features in Plate 1 are a strong inflow across the northern boundary, a weak outflow at the eastern boundary, and odtflow at the southern boundary that is strongest at the southeast comer between mooring 25 and 22. Southward flows are dominant at the southern boundary in the upper water column for both deployments, but qear the bottom the flow is to the north at moorings 23,24, and 25 in deplbyment 1 and at moorings 23 and 25 (but not 24) in deployment 2. The northward flow in the lower water column at the southein boundary may be because of the occasional appearance just above the bottom on the shelf there of an extension of the northeastward flowing Gulf Stream. The northward near-bottom flows seen at southern boundary are not found at comparable places along the northern boundary. Some northward near-bottom flow is seen at the northern boundary, but this appears only at mooring 2. As mooring 2 for deployment 2 is several kilometers farther offshore than for deployment 1 (Figure l) , the near-bottom northward flow Seen in the vicinity of the 20 m isbbath along the northern line appears to be a real (and puzzling) feature of the flow field rather than a localized topographic effect associated with a single mooring site. The parameter 3 was estimated as the area under the autocorrelation function of the filtered current data from zero time lag to where the autocorrelation function first crosses the t h e lag axis (Tables la and lb) . On average, 3 is -1 (3) and 2 (2) days, respectively, for the alongshore and cross-shelf components of the flow for deployment 1 (2).Aihan etal.
[1988] also obtained similar average values, 3 and 2 days, for each component of the daily current velocity data observed during >1 year in the continental shelf south of Cape Cod. Plate 2 displays the absolute value of standard error for the normal currents at each of the verticd sections for both deployments. In general, the e values have a tendency of decreasing with depth and increasing with distance from the shore, which suggests the variances of currents decrease with increases in depth and increase with strength of currents. northern boundary line are essentially directed southward (negative) for both deployments because of the southward currents at moorings 5, 12, and 13 (for deployment 1) and at moorings 5,18, and 16 (for deployment 2). The volume transport along the southern boundary (Figure 3) indicates, as implied in Figure 2 and Plate 1, that much of the volume transport across this line occurs near the eastern portion and is directed toward the southeast. The volume transport at the eastern boundary indicates net offshore transport (positive values) for both deployments, which is smaller in magnitude than the transports across the other boundaries. Comparing the volume transport across each section for deployment 1 with that for deployment 2 (Figure 3) indicates that they were larger in magnitude for deployment 1.
3.2.2.
Mass balance with unckrtahty. The cumulative volume transports (hereafter CVTs) (Figure 4) are calculated from the area integrals of the average current velocities normal to the vertical sections of each boundary for both deployments (Plate 1). The irregular shapes of the boundaries are due to some mooring sites not having sufficient data necessary for the volume transport calculation. The CVT uncertainty across each boundary line is estimated as the area integral of the uncertainty in the mean velocities (Plate 2). Comparing deployment 2 with deployment l (Figure 4) , the uncertainties of deployment 2 show a relatively larger fraction of uncertainty because of a smaller CVT at each boundary (Figure 4 ). Figure 4 are all equatorward at the northern and southern boundaries and vary from 0.13 2 0.07 (for deployment 2) to 0.17 ? 0.07 Sv (for deployment l ) at the northern boundary and from 0.09 2 0.05 (for deployment 2) to 0.14 -+ 0.05 Sv (for deployment 1) at the southern boundary. The CVTs at the eastern boundary are to the offshore and vary from 0.05 2 0.06 Sv (for deployment 2) to 0.08 2 0.07 Sv (for deployment 1). The greater mean CVTs for deployment 1 may be real and due to seasonal variation in the mean wind stress. Note that the mean wind stress for deployment 1, which includes the winter and spring seasons, is -3 times that for deployment 2, which includes the summer and fall seasons (Tables l a and The southern boundary was divided into two parts, a western part (moorings 23,24, and 25) and an eastern part (moorings 25 and 22) to allow us to determine the percentage of CVT flowing out of the southeast comer region. At the southeast corner the flow directions veer offshore (Figure 2) , and a relatively large amount of water flows out of this region (Figure 4) . The CVT for the southeast corner region accounts for 74% (0.11 Sv) and 67% (0.06 Sv) of the flow out of the southern boundary in deployments 1 and 2, respectively, which suggests that the southeast corner has a significant role in the mass budget. At the western part of the southern boundary, there is a relatively small amount of southward flow, which may extend into Raleigh Bay and, occasionally, Onslow Bay as noted by boundary does so in the eastern corner, and this outflow has a pronounced offshore component. The above impression is reinforced when the uncertainties are included except for the eastern boundary during deployment 2. As a result, mass balances in the closed volume of both deployments are satisfied within the range of uncertainty.
The CVTs in

Variability of Volume Transport
33.1. Currents. During the periods of both deployments the velocity fields in the study region were dominated by events of strong currents lasting from 7 to 31 days ( Figure 5 ). There were several events of southward currents. Most events could be identified at all sites. There were also periods of northward currents in the study region. Some current variations agreed with the variations in wind stress; however, this was not always the case. A weak southward wind stress corresponded to a strong southward flow, while a strong northward wind stress produced a weak northward flow. The flow was sometimes southward when the wind stress was northward. Therefore, in agreement with results presented in section 3.2, the windinduced fluctuations appear to be superimposed upon a mean southward flow.
Currents associated with wind-driven events showed some depth variations. Sometimes the near-bottom current vectors were less than and oriented counterclocee to the middledepth (when available) and the surface current vectors, which indicates that the near-bottom currents were influenced by bottom friction. On the contrary, such behavior is not as evident during deployment l at moorings 12, 13, and 16, where the fluctuations a-re more uniform with depth. In general, more -krtical variation with depth is evident in deployment 2. The vertical variations at the southeast corner, moorings 22 and 25 and, sometimes, in the eastern side at moorings 18 (deployment 2) and 20 show a more complicated structure that is related to their proximity to the Gulf Stream.
Currents associated with wind events, which are oriented approximately alongshore, appear to vary nearly barotropically at each mooring and more so for deployment 1 than deployment 2 (Figure 5 ). EOF analysis (not shown here, but shown by Kim [1999] ) confirms that the current fluctuations across the northern and southern boundaries were indeed very (80-90%) barotropic. This analysis also indicates that normal flow across the eastern boundary was less (40% or more) barotropic. daily time series of CVTs (CVT-N, the CVT at the northern boundary, CVT-E; the CVT at the eastern boundary, and CVT-S, the CVT at the southern boundary) for both deployments were obtained from the integral of the filtered daily currents normal to the vertical section described in Section 3.1.1 (Figure 6 ). The alongshore C V T s (CVT-N and CVT-S) for both deployments are visually highly correlated and in phase with each other. They appeared to be 180" out of phase with sea level fluctuations. In other words, sea level increase is associated with a southward volume transport, wliich suggests a geostrophic balaiice between the cross-shelf pressure gradient and alongshore current. The fluctuations of CVT-E are generally 180" out of phase with those of alongshore CVTs (especially for deployment l), implying that a southward (northward) alongshore flow at the northern and southern boundaries creates an eastward (westward) flow at the eastern boundary. .This flow pattern is weaker during the period of deployment 2, which includes the summer season, because of stronger westward reversing flow at the middle and lower layers. The time series of the CVT-N shows that the transport varies by -1.0 Sv (from -0.4 to --0.6 Sv); thus the amplitude of the variable transport is more than twice the magnitude of the mean ('southward) transport (-0.2 Sv). Similarly, the transport extends northward as well as southward at the southern boundary, where the southward and northward flows can be partly explained by variable wind forcing [Kim, 19991 and the movement of the Hatteras front [Churchill and Berger, 19981, which separates the MAB and SAEi shelf water masses and cuts across the middle shelf in the Diamond Shoals region. While a relatively small amount of shelfwater flows in or out across the eastern boundary with time, we will see later that the eastern there could be significant leakage of MAB water into the SAB around Cape Hatteras when the wind is blowing from the north.
Mass Balance
In order to show the role of mass balance the difference between alongshore CVTs (CVT-N minus CVT-S) \ivith time was compared with time series of y -E (east) (Figure 3) . Figure 7 shows that when the values of CVT-N -CVT-S are positive (negative), those of CVT-E tend to be negative (positive), and when southward CVT across the northern (southem) boundary is bigger than that across the southern (northern) boundary, CVT-N -CVT-S < 0 (CVT-N -CVT-S > 0) eastward (westward) CVT-E occurs across the eastern boundary. In other words, when southward CVT-N is greater than southward CVT-S, shelf water export at the eastern boundary occurs and vices versa. Therefore it can be said that the volume transport at the eastern boundary plays an important role in mass balance and that at most times during the OMP field program the moored current observations are of sufficient resolution to estimate a m a s balance.
Salt Flux and Its Balance
As background, the mean salinity for each section is shown in Plate 3 (the salinity time series used to form Plate 3 are shown by Kim [ 19991) . Plate 3 shows that (1) low-salinity Chesapeake and Delaware Bay waters are found in the near-shore region on the northern and southern sections and this is more pronounced for deployment 2, which includes the summer season when the river runoff is larger; (2) high-salinity water is found in the southeast part of the study region because of the proximity of the Gulf Stream; (3) the mean salinity for both deployments increases going offshore and southward in the OMP region; and (4) there is stronger vertical stratification in deployment 2, especially in the eastern portion of the southern boundary of the study region. Associated with points 1 and 4, results presented by Kim's [1999] Figure 28 indicate a two-layei structure in the cross-shelf velocity for deployment 2 in the southeast corner of the study region. where v,(x, z, t) is the velocity normal to the vertical section, S ( x , z, C) is the salinity, h is the water depth, w is the section width; x is the horizontal coordinate, z is the vertical coordinate, and t is time. The CSF(t) for each section are shown in Figure 8 . It is apparent comparing Figure 8 to the respective CVT(t) in Figure 6 that the CSF(t) are very similar in appearance to the CVT(t), suggesting that the salt flux is primarily determined by the velocity field.
Decomposing according to v,(x, z, t) = x ( x , z ) + u;(x, z , t) and S(x, z, t) = s ( x , z ) + S ' ( x , z, t), where the overbar denotes a time average and the prime denotes a deviation from the time average, and time averaging (1) yields the average cumulative salt flux
Both terms on the right-hand side of (2) are shown for each section for each deployment in Figure 9 . It is apparent that the dominant term in the mean salt flux is that due to mean velocity and salt fields and that the turbulent fluxes contribute -4 % . The uncertainties shown in Figure 9 were calculated in a manner similar to those in Figure 4 and include the uncertainty in the mean salinities; the details are given by Kim [1999] . The uncertainties in Figure 9 are due primarily to the mean velocity uncertainties [Kim, 19991. Before commenting further on the values shown in Figure 9 we note that s in (2) can be expressed s=s,+ss,,
Accordingly, -from (2"), the m values in Figure 9 should be,
-to =lo%, the CVT values in Figure 4 times the corresponding So. As a test of this, we have estimated % from the shown in Plate 3 using -(3) and from (2') using the m shown in Figure   9 and the CVT shown in Figure 4 . These values (Table 3) agree to within -3%. The above suggests that (1) should be well approximated by 
Discussion and Summary
The mean currents for both deployments are generally to the south, alongshore, and stronger near the shelf break. There are exceptions: (1) at the inner region of shelf (moorings 2,5, 23, and 24), where weak and sometimes northward flow occurs, and (2) the southeast corner region (moorings 22 and 25), which has (strong) off-shelf, southeast flow. From this mean flow structure, the mean volume transports were estimated. The mean volume transports indicates southward, alongshore transports at the northern and southern boundaries with large offshore transport at the southeast corner region, and weak offshore transport at the eastern boundary.
Figures 3 and 4 summarized the mean mass budget inferred from moored current meter records. About 0.15 (k0.07) Sv, the average of both deployments, enters the OMP continental shelf region from the north, with most of this (-65%) occurring near the shelf break where the currents are stronger and the water is deeper. About 45% of the water leaving the OMP region exits at the southeast comer region as a rather strong (1). seaward flow. About 35% leaves on the eastern edge as a broad, diffuse eastward flow, and the remaining (-20%) leaves along the southwest comer as a weak equatorward coastal current. We note that for both deployments, within the uncertainties of the volume transport estimates, all the water entering the OMP region from the northern boundary can be accounted for by the seaward flow in the southeast corner region between moorings 22 and 25.
A mean mass balance in the OMP region for both deployments is obtained within the uncertainties of the CVT estimates (Figure 4) . The uncertainties for C V T s have similar values for both deployments, unlike the mean CVT values that are larger for deployment 1. Considering the uncertainties, there is clearly inflow for both deployments across the northern boundary and outflow for both deployments across the southeast comer and outflow across the eastern boundary for deployment 1. While essentially zero transport is possible across the western part of the southern boundary for both deployments and for the eastern boundary for deployment 2, if there is mean flow across these boundaries, an outflow seems ss during the period of deployment 1, which includes the winter season, is -3 times stronger than that during the period of deployment 2. The mean alongshore CVTs (CVT-N and CVT-S) for deployment 1 are not as large, 50-loo%, compared to those for deployment 2. However, the difference in the mean alongshore CVTs between deployments 1 and 2 is not significant when the uncertainties are considered (Figure 4) . This is consistent with the suggestion that seasonal variation in the alongshore transport is small [Beardsky et al., 19761. The mean CVT-E of deployment 1 is -2 times larger than that of deployment 2. The length of the eastern side for deployment 1 (98 km) is only -46% longer than it is in deployment 2 (67 km), so the difference cannot be attributed to geometrical effects. The difference in the mean CVT-Es across the eastern boundary line, if real, is probably due to the weaker mean wind forcing during deployment 2. However, when the uncertainties are considered, the difference in the CVT-Es
The CVT-N and CVT-S time series are visually very similar to each other (Figure 6 ). (Cross spectra (not shown here, but shciwn by Kim [ 19991) confirm this similarity.) Also CVT-N and CVT-S time variations appear to be'out of phase with coastal sea level fluctuations (Figure 6 ) consistent with a geostrophic balance. This inverse variability of the alongshore CVTs with nfirmed by cross spectra (not shown here, but shown by Kim [1999] ). That the time series of the CVT-N and C V T -S are related to the wind stress variability is not as clearly apparent in Figure 6 ; the wind stresses are visually dominated in Figure 6 by storm events. However, cross spectra of CVT-N and C W -S with the wind stress (not shown here, but shown by Kim 119991) indicate the alongshore transports are, as expected, highly coherent with the alongshore wind stress and lag it by a few hours. The across-slope volume trarisport variations at the eastern boundary CVT-E are less visually related to CVT-N and to CVT-S than CVT-N and CVT-S are related to each other the two deployments is not significant. aries, the mean currents there are nearly parallel rather than normal to the line. The CVT there is relatively sensitive on how the side is chosen. The turbulent salt fluxes across each boundary were found to play a minor role (Figure 9 ) in the salt fluxes. This is expected as the magnitude of the turbulent salinity fluctuations ( 5 1 psu) were much less than the representative salinities (-32 psu), even though the turbulent velocity fluctuations were comparable to the mean velocities. The time series of the salt fluxes across each boundary (CSF(r)) were very similar in appearance to the time series of the volume fluxes (CVT(t)) which indicates that the salt flux is determined by the velocity field. It was found that CSF(t) and CSF across each boundary were well approxi---mated by C V T ( t ) z and CVTS,, respectively, where sa is the deployment average salinity across the boundary.
The OMF' moored current and salinity observations appear sufficient to make estimates of the mean and time-dependent mass and salt balances. These observations indicate that on average, about two thirds of the mass and salt fluxes entering the OMP shelf region across its northern boundary exits across its southern boundary with the remaining one third exiting to the open ocean as a broad, diffusive flow across the eastern, seaward boundary.
The mean velocity vectors together with the main volume transports and salt fluxes suggest that -70% of the export across the southern boundary goes to the open ocean because Figure 5) , while for others it is due to a southward flow averaged with an occasional northeast flow due to a Gulf Stream excursion (e.g., record 222A09 in Figure  5 ). Further study is required to better quantify the export of shelf waters in the southeast corner of our study region to see which fraction continues southward along the shelf and which fraction is exported to the open ocean.
